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FIG. 1 (CONVENTIONAL ART)
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FIG. 3 (CONVENTIONAL ART)
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FIG. 8 (CONVENTIONAL ART)
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FIG. 9A (CONVENTIONAL ART)
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DECISION-FEEDBACK EQUALIZER AND
METHOD OF UPDATING FILTER
COEFFICIENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. nonprovisional patent application claims priority
under 35 U.S.C. §119 of Korean Patent Application 2004-

7530 filed on Feb. 5, 2004, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

Exemplary embodiments of the present invention relate to
digital video broadcasting, and more particularly, to a deci-
sion-feedback equalizer, which may receive a variety of digi-
tal information and a method of updating coetficients thereof.

2. Description of the Conventional Art

An equalizer for digital video broadcasting may be needed
for large amounts of digital information, for example, voice,
data, and/or video communications. Such digital information
may be transmitted via various transmission mediums, which
may have different transmission characteristics. Transmis-
sion mediums may cause different kinds of ghosting, for
example, frequency-dependent phase, amplitude distortion,
multipath recerving, or voice echoes, and various types of
fading 1n signals, for example, Rayleigh fading. Data trans-
missions may suffer from a noise, for example, additive white
(Gaussian noise. The equalizer may be used to reduce echoes
and/or video ghosts and control signals for wireless modems
and/or telephones.

In digital communications, data transmission over
intersymbol interference (ISI) channels may be a problem.
The ISI may occur when pulsed information, for example,
amplitude-modulated digital transmaissions, may be transmit-
ted over analog channels, for example, telephone lines and/or
skywave channels.

Maximum-likelihood sequence estimation (MLSE) may
achieve an mmproved symbol error rate (SER), but may
become more complex with the length of the channel time
dispersion. Extremely high complexity of the MLSE in a
soltware and/or hardware may limit 1ts use.

A linear equalizer (LE) may detect and equalize ISI. LE
may have a complexity, which may be a linear function of the
channel dispersion length and may suffer from significant
noise enhancement. The performance of the linear equalizer
may be worse than the performance of an MLSE.

A decision-feedback equalizer (DFE) may have a lower
complexity and/or improved performance.

FIG. 1 1s an example of a construction diagram of a con-
ventional DFE. The DFE may use previously decoded data
symbols 1in order to calculate and reduce intersymbol inter-
terence (ISI). The performance of the DFE may be degraded
due to incorrect decisions 1n a decision feedback filter, for
example, when a channel itroduces strong ghosts, for
example, during a single frequency network operation in
digital television broadcasting.

Referring to FIG. 1, a DFE may include a feedforward filter
102, a feedback filter 103, a slicer 104, and an adder 105. A
received digital signal 101 may be input to the feedforward
filter 102.

The feedforward filter 102 may partially correct signal
errors using a filter having a magnitude opposite to a magni-
tude of the mput digital signal 101. The slicer 104 may be, for

example, a decision device which may be based on the mag-
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2

nitudes of recetved signals and may classily received signals
based on decisions 010, £2, +4, and +6 1n order. The received
signals may be classified imnto symbols corresponding to nor-
malized signals of £1, £3, £5, and £7. The slider 104 may be
a multi-dimensional slicer, which may be used in, for
example, quadrature amplitude modulation (QAM) systems.

The adder 105 may add the output of the feediorward filter
102 and the output of the feedback filter 103 and may output
the result to the slicer 104. The feedforward filter 102 may
reduce noises using a filter having a magnitude opposite to a
magnitude of the mput digital signal 101.

A decision-feedback sequence estimation (DFSE) algo-
rithm may provide a tradeoil between performance and com-
plexity.

Wireless communication systems employ trellis-coded
modulation (TCM).

FIG. 2 illustrates a conventional TCM scheme for 8-level
amplitude modulated signals.

Referring to FIG. 2, a TCM encoder may be comprised of
an 8-VSB trellis encoder 201 and an 8-level symbol mapper
203. The 8-VSB trellis encoder 201 may employ an 8-level
3-bit 1-dimensional arrangement. The 8-V SB trellis encoder
may use a %3 rate trellis code.

A method for detection of trellis-coded symbols 1n chan-
nels without ISI may be the MLSE. The number of trellis
states 1n codes used for TCM may be smaller and the com-
plexity of the MLSE may not be higher. The MLSE may be
implemented using a Viterbi algorithm (or Viterbi decoding

algorithm). The TCM symbols transmitted through ISI-iree
channels may be detected with improved performance.

When channels introduce ISI, the MLSE detector which
takes 1into account the ISI introduced by the channels and the

TCM may become more complex. A DFE may be used for the
compensation of channel ISI and a MLSE (Viterbi) decoder to
decode the TCM.

FIG. 3 1s a construction diagram of a conventional DFE
combined with a TCM decoder

Referring to FIG. 3, the DFE combined with the TCM
decoder may comprise a feedforward filter 302, a feedback
filter 303, a slicer 304, and an adder 305, and a TCM decoder
307 which may decode trellis-coded symbols. A recerved
digital signal may be mput to the DFE via an mput line 301

and output via an output line 306 connected to the TCM
decoder 307.

The DFE may be operated before the TCM decoder uses
uncoded symbols to perform a feedback operation and the
reliability of the uncoded symbols may be lower. The perfor-

mance may be worse than that of a joint (channel+TCM)
MLSE.

FIG. 4 1s a construction diagram of another conventional
DFE combined with a TCM decoder.

The DFSE algorithm may be used to decode TCM symbols
transmitted through ISI channels.

Instead of using slicer decisions 1n a feedback filter, the
DFE may use symbol decisions from the more likely surviv-
ing path of the Viterbi1 decoder. This scheme, sometimes
referred to as “a Viterbi decoder with global decision feed-
back™, 1s i1llustrated in FIG. 4. Referring to FIG. 4, an adder
407 may add the output of a feedforward filter 402 and the
output of a feedback filter 403 and may output the result to a
TCM decoder 404. The TCM decoder 404 may decode sym-
bols 405 and inputs the decoded symbols 403 to the feedback
filter 403. The Viterbi decoder with global decision feedback
may use the symbol decisions from the more likely surviving
path of the TCM (Viterbi) decoder 404 as the iputs of the
teedback filter 403. A decoding depth Nth symbol, which
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may be the more reliable symbol among the outputs of the
TCM decoder 404, may become an output signal 406.

This combination of a DFE and a TCM (Viterbi) decoder,
as shown 1n FI1G. 4, may have improved performance over the
scheme shown 1n FIG. 3, since the decisions from the TCM
(Viterbi) decoder may be more reliable.

FIG. 5 1s a construction diagram of a conventional DFE,
which may use a least-mean square (LMS) algorithm for
updating feedback filter coellicients.

In, for example, wireless applications of MLSE and DFE,
the channel transfer function may be unknown at the receiver
and/or time-variant. Any detection/equalization scheme used
in wireless communication receivers may be adaptive, 1.e.,
may be able to change coetlicients of an equalizer and track
channel vanations. In the LMS scheme, equalizer coellicients
may be recursively updated at every iteration of the algo-
rithm. For example, feedback filter coetlicients of a DFE may
recursively be updated 1n accordance with an LMS algorithm
as shown in Equation 1.

b D=p POype d, . i=1,2,...,L, (1)

Here, b,'® are i-th feedback coefficients (518, 519, . . ., and
520) of a DFE at k-th 1teration, L ; 1s the number of feedback
filter coefficients, d, are decisions in a feedback filter, stored
in delay lines (821, 522, . . ., and 323), u 1s a step-size
parameter (positive constant), and ¢, are error signals 508,
which may be differences between the outputs 524 of the DFE
and the decisions d, 525. During a training period, the trans-
mitted data sequence d, may be known and may be used by an
equalizer to update the coefficients b, in accordance with
the LMS algorithm shown 1n Equation 1.

A DFE, which may use the LMS adaptation scheme
embodied by Equation 1, 1s shown in FIG. 5. That 1s, FIG. 5
illustrates an example of applying the LMS adaptation
scheme shown 1n Equation 1 to the DFE using the slicer of
FIG. 1. After a training period, decisions d, at the output of a
slicer 510 may be more reliable and the decisions d, may be
used to update equalizer coellicients 1n accordance with the
LMS algorithm.

FIG. 6 1s a construction diagram of a conventional DFE,
which may use both the LMS algorithm and a Stop-and-Go
algorithm to update feedback filter coetlicients.

The LMS algorithm may also be used without a traiming,
sequence.

The “Stop-and-Go” algorithm may disable adaptation it
decisions are not reliable, and may update equalizer coetti-
cients 1f the decisions are more likely to be correct. Detection

of less reliable decisions and/or generation of enable/disable
flags 623 may be performed 1n a ‘Stop-and-Go’ (SAG) block

618.

FIG. 7 1s a construction diagram of a conventional DFE
combined with a trellis decoder, which may use an LMS
adaptation algorithm to update feedback filter coetlicients.

The LMS algorithm shown in Equation 1 and its *Stop-and-
(Go’ variant may be used with the DDFSE scheme shown 1n
FIG. 4.

The combined equalizer/decoder structure with the LMS
adaptation algorithm shown in FIG. 7 may itroduce an insta-
bility problem. An example of the mstability of this scheme 1s
illustrated in FIG. 8.

FIG. 8 1s a graph showing the signal-to-noise ratio (SNR)
versus the number of 1terations for the DFE shown in FIG. 7.

FI1G. 8 shows the simulation results for the DFE combined
with the TCM Viterbi decoder shown 1 FIG. 7. A channel
may have three equal, or substantially equal, amplitude paths
and a transmission system may use 8-level amplitude modu-
lated signals as shown 1n FIG. 2. The equalizer steady-state
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operation shown 1n FIG. 8 may not depend on resolution of
the equalizer coellicients or overtlow effects and may be a
result of the TCM decision feedback properties.

For first periods of time, the DFE may be operated such that
signal-to-noise ratio (SNR) may be more stable. After some
periods of time, the stability of the SNR may be greatly lower
and a vanation thereol may be repeated periodically as the
number of 1terations increases.

In a convergence region, contribution of the decision-feed-
back part of the equalizer 1n ISI compensation may be 1nsig-
nificant, since decisions may beless reliable and the equalizer
of FIG. 7 may not rely on the decision feedback mechanism.
Decision errors may not affect equalizer stability in this
region, and output signal-to-noise ratio (SNR) may be more
stable.

After some period of time when decisions become more
reliable, the equalizer may rely on these decisions and may
use a feedback filter for ISI compensation.

FIG. 9A 1s a graph showing an example of the percentage
ol decision errors 1n the slicer and the TCM decoder as a
function of time.

The TCM decision errors may be correlated and may group
in error bursts rather than be distributed randomly as 1n the
case of slicer decisions.

That s, 1f an error occurs at the output of the TCM decoder,
the error may cause series (or bursts) of errors, and for some
period of time the number of decision errors 1in a feedback
filter may be higher.

FIG. 9A shows an example relationship between the per-
centage of errors in the decision feedback filter and a time. In
case of using the TCM feedback scheme shown 1n FI1G. 7, the
number ol decision errors in the feedback filter may be
smaller, but sometimes the TCM decoder may introduce
bursts of errors and the number of decision errors may
Increase.

In case of using the slicer shown 1n FI1G. 5, the percentage
ol decision errors may be more stable (e.g., approximately
20%). A higher percentage of decision errors may decrease
the overall equalizer performance, but may stabilize the adap-
tation scheme because the LMS algorithm may not rely as
much on the feedback mechanism.

When the TCM {feedback mechanism 1s used, the feedback
filter may be free of errors, and the LMS algorithm may
update equalizer coellicients in accordance with this error-
free state of the feedback filter. The equalizer may rely on
teedback ISI compensation and may become more sensitive
to decision errors. The TCM decoder may 1ntroduce bursts of
errors and the equalizer performance may be degraded as
shown 1n FIG. 8.

In the ‘Stop-and-Go” LMS algorithm, the adaptive scheme
implemented may disable adaptation when decisions may be
less reliable.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention provide a
method of updating feedback coelficients of an equalizer
(e.g., a decision feedback equalizer (DFE)) combined with a
decoder (e.g., a trellis decoder), which may reduce negative
elfects of error propagation at the output of the decoder and
may provide smoother and more stable steady-state operation
of the equalizer combined with the decoder as compared with
conventional adaptation methods.

An exemplary embodiment of the present invention pro-
vides an equalizer (e.g., a decision feedback equalizer). The
equalizer may include a decoder and a filter. The filter may
turther 1include a plurality of filter update units, which may
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receive a value and decisions from the decoder and may
update filter coeflicients. The filter update units may further
include a first multiplier, which may multiply a decision of the
decoder by a value, a second multiplier, which may multiply
the filter coellicient by a constant, and an adder, which may
add the output of the first multiplier and the output of the
second multiplier and update the filter coetficient.

Another exemplary embodiment of the present invention
provides a method for updating filter coefficients. The method
may include calculating output error signals, multiplying the
output error signals by a parameter, obtaining a partial value,
obtaining another partial value, and updating by adding the
partial values.

Another exemplary embodiment of the present invention
provides a filter. The filter may 1include updaters for updating
filter coetlicients. The filter updaters may include a first mul-
tiplier, a second multiplier, and an adder. The first multiplier
may multiply a decision output from a decoder and a first
value. The second multiplier may multiply a filter coetlicient
by a constant. The first adder may add an output of the first
multiplier and an output of the second multiplier and may
update a filter coellicient.

Another exemplary embodiment of the present invention
provides an updater. The updater may include a first multi-
plier, which may multiply a decision and a first value and a
second multiplier which may multiply a filter coetlicient by a
constant. A firstadder may add an output of the first multiplier
and an output of the second multiplier and update a filter
coellicient.

Another exemplary embodiment of the present invention
provides a logic selector. The logic selector may include
squarers, which may square values of filter coetlicients, mul-
tipliers, which may multiply squared filter coetlicients gen-
erated by the squarers by constants, an adder, which may add
outputs of the multipliers, an accumulator, which may accu-
mulate an output of the adder, and a comparator, which may
compare values output from the accumulator with threshold
values and select constants based on the comparison.

Another exemplary embodiment of the present invention
provides a method of updating a filter coellicient. The method
may include multiplying a decision with a first value to gen-
erate a first result, multiplying a filter coellicient by a constant
to generate a second result, adding the first and second results
and updating a filter coeflicient.

Another exemplary embodiment of the present invention
provides a method of selecting a constant. The method may
include squaring filter coetlicient value, multiplying squared
filter coelficients with constants, adding the multiplied val-
ues, accumulating the added values, comparing the accumu-
lated values with threshold values and selecting constants
based on the comparison.

In exemplary embodiments of the present invention, the
decoder may be a trellis coded modulation (TCM) decoder.

In exemplary embodiments of the present invention, the
equalizer may further include a second adder, which may
subtract an output of the equalizer from the decision of the
decoder and may generate an error signal. A third multiplier,
which may multiply an error signal generated from the sec-
ond adder by a parameter and may generate the first value.

In exemplary embodiments of the present invention, the
parameter may be a stepsize parameter.

In exemplary embodiments of the present invention, the
filter may further include a first and second group of cells, an
updater, and an adder. The first group of cells may receive
decisions output from the decoder and the outputs of the first
multiplier. The second group of cells may receive values
obtained by delaying a symbol decision of the decoder. The
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6

updater may update filter coellicients. The adder may add
outputs from the first group of cells and the second group of
cells. Further, each of the first and second groups of cells may
include the updater and a coellicient multiplier, which may
multiply the decision by the filter coetlicient and may gener-
ate a result.

In exemplary embodiments of the present invention, the
updater may update the filter coellicients 1n accordance with
the equation b,**V=c.b P 4pe,d, ,i=1,2,...,L.. o, may be
constants, which may be proportional to the reliability of the
symbol decisions that correspond to an 1-th traceback depth.
b, may be i-th coefficients of the equalizer at a k-th iteration.
LB may be anumber of filter coefficients, d, may be decisions
in a filter, w may be a parameter, and ek may be error signals.

In exemplary embodiments of the present invention, a logic
selector may calculate a set of constants, which may satisiy
the equation o.,=(1+uE|u,”|)~". E|u,”| may be a variance of a
plurality of symbol decision errors. The symbol decision
errors may correspond to the 1-th depth.

In exemplary embodiments of the present invention, the
logic selector may be included 1n the filter.

In exemplary embodiments of the present invention, the
coellicients may satisfy an inequality and 1 may be an 1-th
filter coetlicient.

In exemplary embodiments of the present invention, the
equalizer may include another filter and the decoder may be a
Viterb1 decoder.

In exemplary embodiments of the present invention, the
decoder may have N+1 traceback depths, and the filter may
include cells and an adder for adding the outputs from the
cells. Each N+1th group of 12 reliability coellicients may
have an N+1 th value, which may correspond to an N-th
traceback depth. Fach decision, which may correspond to an
Nth traceback depth may be input to an N+1 th group of delay
lines and each of the cells may include an updater and a
coellicient multiplier for multiplying each decision by the
filter coetlicient and generate a result.

In exemplary embodiments of the present invention, the
decoder may be a Viterb1 decoder.

In exemplary embodiments of the present invention, the
equalizer may further include a stop-and-go (SAG) unit. The
SAG unit may receive decisions, detect unreliable decisions,
and generate enable/disable signals of the algorithm such that
the SAG unit may disable adaptation 11 the decisions are not
reliable, and may update filter coetlicients 11 the decisions are
reliable.

In exemplary embodiments of the present invention, the
method may be repeated for a plurality of filter coetlicients.

In exemplary embodiments of the present invention, the
method may further include determining a variance, multi-
plying the variance by a parameter, and obtaining a constant
by taking the reciprocal of the sum of the result and 1.

In exemplary embodiments of the present invention, the
method may further include squaring the filter coetficients,
multiplying the squared values by constants, adding and
accumulating the results, and comparing the accumulated
values with threshold values to select a constant based on the
comparison.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will become more apparent by describing 1n detail exemplary
embodiments thereof with reference to the attached drawings
in which:

FIG. 1 1s an example of a construction diagram of a con-

1

ventional DFE;
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FIG. 2 illustrates a conventional TCM scheme for 8-level
amplitude modulated signals;

FIG. 3 1s a construction diagram of a conventional DF.
combined with a TCM decoder;

FIG. 4 1s a construction diagram of another conventional
DFE combined with a TCM decoder:;

FI1G. 51s a construction diagram of a conventional DFE that
uses LMS algorithm for updating feedback filter coetlicients;

FIG. 6 1s a construction diagram of a conventional DFE,
which uses the LMS algorithm and a Stop-and-Go algorithm
to update feedback filter coellicients;

FIG. 7 1s a construction diagram of a conventional DFE
combined with a trellis decoder using LMS adaptation algo-
rithm to update feedback filter coetficients;

FIG. 8 1s a graph showing the signal-to-noise ratio (SNR)
versus the number of iterations for the DFE shown in FIG. 7;

FIG. 9A 1s a graph showing the percentage of decision
errors 1n the slicer and the TCM decoder as a function of time;

FI1G. 9B is a simplified model of the graph shown 1n FIG.
9A, which 1s used to enable stable adaptation algorithm
according to an exemplary embodiment of the present mnven-
tion;

FIG. 10A 1s a construction diagram of an equalizer com-
bined with a decoder, which may update filter coetlicients
according to exemplary embodiments of the present mven-
tion;

FIG. 10B 1s an exemplary embodiment of a circuit diagram
of a partial circuit of updating an 1-th feedback coefficient

shown 1n FIG. 10A;

FIG. 10C 1s a example of a construction diagram of an
exemplary embodiment of the logic selector;

FIG. 11 1s an example construction diagram of an encoder
with an interleaver according to an exemplary embodiment of
the present invention;

FIG. 12 1llustrates another exemplary embodiment of a
decoder combined with an equalizer, which may be used with
a de-interleaver;

FIG. 13 1s another example construction diagram of the
decoder, which may be combined with the de-interleaver
shown 1n FIG. 12, according to an exemplary embodiment of
the present invention;

FIG. 14 1s an example construction diagram of an equal-
1zer, which may be combined with a decoder, according to
exemplary embodiments of the present invention; and

FIG. 15 1s an example graph showing a comparison of the
output signal-to-noise ratio (SNR) versus the number of itera-
tions for an equalizer combined with a decoder, which may
use a conventional (LMS) algorithm and the method accord-
ing to exemplary embodiments of the present invention.

(Ll

L1

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS OF THE
PRESENT INVENTION

Exemplary embodiments of the present invention will now
be described more fully with reference to the accompanying,
drawings, in which exemplary embodiments of the present
invention are shown. The same reference numerals are used to
denote the same elements throughout the drawings.

FIG. 9B 1s a simplified model of the graph shown 1n FIG.

9A, which may enable a stable adaptation algorithm accord-
ing to exemplary embodiments of the present invention.

Adaptation may be performed using decisions 1n a feed-
back filter as shown 1n FI1G. 9B, which may have less frequent
errors (e€.g., may be error-free). The algorithm may operate
with reduced errors (e.g., mean-square errors (MSE)), when
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the feedback filter includes decision errors (e.g., during error
bursts), in order to reduce SNR degradation as shown i FIG.
8.

The development of the stable adaptation algorithm may be
based on the above-described model and adaptive filtering.
An improved algorithm may reduce the cost function as 1llus-
trated 1n equation 2.

J=L [ (Vi dk)zj (2)

y, may be an output signal of an adder 707 of an equalizer
713 (e.g., a decision feedback equalizer (DFE)), 1.e., the sum
of the output signal of the filter (e.g., feedforward filter) 721
and the output signal of the filter (e.g., feedback filter) 722,
and d, may be error-reduced transmitted symbols (e.g., error-
free transmitted signals). Reduction of the function (2), which
may be a cost function, may lead to a modified LMS algo-
rithm shown 1n Equation 3.

b+ D=aq b ®Orye. d, . (i=1,2,...Lxz) (3)
o, may be constants (0<c.,<1), which may be proportional to
the reliability of the decoder (e.g., TCM decoder) symbol
decisions, which may correspond to 1-th traceback depth. As
values 1 1ncrease, decisions at the output of a TCM decoder
may be more reliable and the values ., may be closer to 1. As
values 1 decrease, the decisions may be less reliable and the
values o, may be smaller, for example, o, =a,.= ... =q, .
Values of o, may be based on a step-size parameter L. The
values o, may be represented as shown 1n Equation 4.

a~(1+uk [”z‘EJ)_l (4)

E|u,” | may be a variance of the decoder (e.g., TCM decoder)
symbol decision errors, which may correspond to the 1-th
depth. The values E|u,*| may be found by, for example,
simulations or calculations (e.g., theoretical calculations).
For example, values E|u,” | for a decoder and three-path equal
amplitude channel model are given in Table 1.

TABLE 1
Depth
(i Efu/]
0 0.17
1 0.16
2 0.13
3 0.11
4 0.0
5-9 0.08
=10 0.05

FIG. 10A 1s an example of a construction diagram of an
equalizer (e.g., a DFE), which may be combined with a trellis
decoder, which may update feedback filter coelficients
according to exemplary embodiments of the present mnven-
tion.

The structure of a decoder (e.g., an adaptive TCM decoder)
combined with an equalizer (e.g., a DFE), which may that use
the algorithm shown in Equation 3 1s illustrated 1n FIG. 1A.
Referring to FIG. 10A, the equalizer may include a filter (e.g.,
a feediorward filter) 1021, a filter (e.g., a feedback filter)
1022, an adder 1007, and the decoder (e.g., a TCM decoder)
1019. In the equalizer shown 1n FIG. 10A, updating of the
filter coellicients (e.g., feedback filter coellicients) 1n Equa-
tion 3 may be performed by multipliers 1010_1 through
1010_5, adders 1011_1 through 1011_35, delay lines 1012_1
through 1012_5, and multipliers 1009_1 through 1009_S5.
The delay lines 1012_1 through 1012_5 may store the filter
coefficient value b,”” and may calculate the filter coefficient

value b,
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The filter 1022 may include a plurality of filter cells (e.g.,
teedback filter cells) and an adder. The filter 1022 may
include a first group of cells, a second group of cells, an adder
1008, and a logic selector 1023. The first group of cells may
receive decisions output from the decoder 1019 and output
signals from a first multiplier. Each of the cells of the second
group may receive a value which may be obtained by delaying
a symbol decision (e.g., a last symbol decision) of the decoder
1019 and the output signal of the first multiplier. Each of the
cells of the second group may include an updater (e.g., a
teedback filter coetlicient updater), which may update filter
coellicients (e.g., feedback filter coeflficients). The adder

1008 may add the outputs of the first and second groups of
cells. The logic selector 1023 may calculate constants from
the filter coetlicients.

The cells of the first and second groups may include the
updater and a coellicient multiplier 1013__ i, which may mul-
tiply the decisions and the filter coelficients and may output
the results.

Referring to FIG. 10A, b*° (i=1, 2, . . ., L) may be i-th
teedback coellicients of the equalizer at k-th iteration, L; may
be the number of filter coefficients, d, may be the decisions in
the filter 1022, which may be stored in delay lines 1012_1
through 1012_5, umay be a smaller step-size parameter (e.g.,
positive constant), and e, may be error signals 508, which
may be differences between the outputs 1015 of the equalizer

and the decisions d,.

FIG. 10B 1s an example of a circuit diagram of a partial
circuit of updating 1-th feedback coetficients shown in FIG.
10A, according to an exemplary embodiment of the present
invention.

Referring to FIG. 10B, an adder 1016 may generate an
error signal e,, which may be a difference between the output
1015 of the equalizer and the decision d,. A multiplier 1017
may multiply the error signal e, by the step-size parameter L.
The multiplier 1010__; may multiply the result by the deci-
sion d, and may generate ne,d,_.. The multiplier 1009-i may
multlply the constant o, and the 1-th feedback filter coellicient
b, of the equalizer at the k-th iteration. The adder 1011__;
may add the output of the delay line 1012__; and the output of
the multiplier 1010__; and may generate an 1-th feedback filter
coefficient b,*"’, which may correspond to the next (k+1)
iteration of the equalizer.

As described above, o, may be decision constants
(0<a,<1), which may be proportional to the reliability of
decoder symbol decisions, which may correspond to the 1-th

traceback depth. The decision constants o, may be calculated
by the logic selector 1023 shown 1n FIGS. 10A and 10B.

The constants (0<o, =a,= ... =, _=1)may be based on
a channel profile (e.g., a multipath channel profile). For
example, 11 a channel has several stronger ghosts which may
not be compensated by the filter 1021, the equalizer may
become increasingly sensitive to the reliability of decisions in
the filter 1022. In order to decrease equalizer instability,
smaller values may be assigned to the constants «.. If a
channel does not introduce, for example, 1solated strange
ghosts, the equalizer may not exhibit an 1nstability problem,
and smaller values of o, may, for example, degrade equalizer
performance.

This degradation may be mnsignificant and constants ¢,
., . .., 0,5 may be selected as a trade-ofl between pertor-
mance in stronger ghost channels and weaker ghost channels.
The set of constants ¢, o.,, . . ., d.; 5 may be selected (e.g.,
adaptively selected) 1n accordance with channel statistics and
may improve the performance of the equalizer.
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FIG. 10C 1s an example of a construction diagram of a logic
selector, which may select a set (e.g., an optimal set) of
constants (e.g., reliability constants).

As 1llustrated 1n FIG. 10C, squared values (e. 2., squared
absolute values) of filter (e.g., feedback filter) coetlicients b,,
b,, ..., b, may be calculated in squarers (e.g., absolute Value
squarers) 1502 1503, . .. 1504. Values |, 1%, Ib,I1%, ..., b, I2
of the squared coe 1c1ents may be multlphed by Welgh‘[ed
coefficients w , w,, . . ., W, 1n a multiplier 1503 such that
WIEW,= .. =W, The multiplied values may be summed
together 1n an adder 1506.

The added values may be accumulated 1n an accumulator
1507 and noise eflects may be reduced. The accumulation
time may be, for example, several hundreds of symbols. The
accumulated values may be compared with several threshold
values 1n a comparator 1508 and a set of constants o,
Uy, - . . 5 O MAY be selected based on the result of this
comparison.

FIG. 11 1s an example of a construction diagram of an
encoder (e.g., a TCM encoder) and an interleaver.

An adaptation algorithm according to exemplary embodi-
ment of the present mvention may be applied to systems,
which may employ multiple encoders (e.g., TCM encoders)
and/or interleavers, for example, an 8-V SB trellis-coded sys-
tem, which may be used for, for example, digital video broad-
casting. Such systems may use a plurality of encoders (e.g.,
identical TCM encoders). An example construction of these
encoders, according to an exemplary embodiment of the
present invention 1s illustrated 1n FIG. 11.

Referring to FIG. 11, an broadcasting system (e.g., an
8-VSB broadcasting system) may include 12 encoders (e.g.,
parallel TCM encoders), and code interleaving may be
achieved by encoding (e.g., TCM encoding) of, for example,
the 1st, 13th, 253th .. . ., symbols as a first group, the 2nd, 14th,
26th, . . . , symbols as a second group, the 3rd, 15th,
2’7th, . . ., symbols as a third group, etc., resulting 1n, for
example, a total of 12 groups.

FIG. 12 illustrates another adaptive decoder (e.g., TCM
decoder) combined with an equalizer (e.g., a DFE), which
may include a de-interleaver.

A filter (e.g., a feedback filter) 1224 of an equalizer (e.g., a
DFE) according to another exemplary embodiment of the
present invention illustrated i FIG. 12, may include a plural-
ity of groups of cells, an adder 1213 and a logic selector 1231.
Each group of cells may include, for example, 12 cells. The
adder 1213 may add the outputs of the cells and a logic
selector 1231 may calculate constants (e.g., reliability con-
stants).

The cells of the groups may receive values which may be
obtained by delaying (e.g., sequentially delaying) decisions
at the output of a decoder (e.g., a TCM decoder) 1216 and
error signals of the equalizer, which may be multiplied by a
step-size parameter 1. Each of the cells of the groups may
include an updater, which may update the filters (e.g., feed-
back filters). The cells of the groups may also include a
multiplier 1211, which may multiply filter coellicients (e.g.,
teedback filter coelficients by input decisions.

An updater (e.g., feedback filter updater) may include a
multiplier 1208, a multiplier 1210, a delayer 1207, and an
adder 1209. The multiplier 1208 may multiply decisions by
error signals, which may be multiplied by a parameter. The
multiplier 1210 may multiply feedback filter coetlicients b,
by constants a,. The delayer 1207 may delay the outputs of
the multiplier 1210 The adder 1209 may add the outputs of
the delayer 1207 and the outputs of the multiplier 1208 and
may generate filter coellicients (e.g., feedback filter coetfi-
cients).
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Referring to FIG. 12, the adaptation algorithm of the
decoder (e.g., the TCM decoder), which may be combined
with the equalizer (e.g., a DFE) illustrated 1n FI1G. 12, may be
the same, or substantially the same, as that as has been
described with respect to FI1G. 10A. With regard to FIG. 12, a
first group of constants a,, &, . . ., &.;, may have the same, or
substantially the same, first value, which may correspond to
the Oth traceback depth (see table 1), a second group of
constants o, 5, O, 4, . . . , O.,, Mmay have the same, or substan-
tially the same, second value, which may correspond to the
1st traceback depth, a third group of constants o, <, O, . . .,
(., may have the same, or substantially the same, third value,
which may correspond to the 2nd traceback depth, . . ., and an
N+1th group of, for example, 12 constants may have the
same, or substantially the same, N+1 th value, which may
correspond to the N-th traceback depth. Decisions, which
may correspond to the Oth traceback depth, may be mnput to a
first group of delay lines 1225 . .. 1226, decisions, which may
correspond to the 1st traceback depth may be mput to a
second group of delay lines 1227 ... 1228, . .., and decisions,
which may correspond to the N-th traceback depth may be
input to an N+1 th group of delay lines 1229 . . . 1230.

FIG. 13 1s an example of a construction diagram of the
decoder (e.g., a TCM decoder) combined with the de-inter-
leaver 1216, according to an exemplary embodiment of the
present invention.

FIG. 14 1s an example of a construction diagram of an
equalizer (e.g., a DFE), which may be combined with a
decoder (e.g., a trellis decoder). The equalizer may use the
algorithm according to exemplary embodiments of the
present invention and the “Stop-and-Go” algorithm to update
filter coetlicients (e.g., feedback filter coelficients).

In another exemplary embodiment of the present invention,
the adaptation algorithm may be performed 1n a “Stop-and-
Go” mode as shown 1n FIG. 14. Referring to FIG. 14, a
Stop-and-Go unit 1424 may generate a flag 1425, which may
disable updating of the equalizer coellicients 11 the decoder
(e.g., TCM decoder) decisions are not reliable.

In the equalizer (e.g., the DFE) shown 1n FIG. 14, a filter
(e.g., ateedback filter) 1415 may include a plurality of groups
of cells, an adder 1413, and a logic selector 1431. Each group
may be comprised of, for example, 12 cells. The adder 1413
may add the outputs of the cells and a logic selector 1431 may
calculate constants (e.g., reliability constants).

The cells of the groups may receive values, which may be
obtained by delaying (e.g., sequentially delaying) the deci-
s1ons at the output of the decoder (e.g., TCM decoder) 1416
and error signals, which may be multiplied by a step-size
parameter 1. Each of the cells of the groups may include an
updater, which may update filters (e.g., feedback filters), and
a multiplier 1411, which may multiply filter coellicients (e.g.,
teedback filter coetlicients) by mput decisions.

An updater (e.g., a feedback filter updater) may include a
multiplier 1408, a multiplier 1410, a delayer 1407, and an
adder 1409. The multiplier 1408 may multiply decisions by
error signals, which may be multiplied by a parameter. The
multiplier 1410 may multiply filter coelflicients (e.g., feed-
back filter coetficients) b, by constants ¢.,. The delayer 1407
may delay the outputs of the multiplier 1410. The adder 1409
may add the outputs of the delayer 1407 and the outputs of the
multiplier 1408 and may generate filter coellicients (e.g.,
teedback filter coetlicients).

Referring to FIG. 14, the adaptation algorithm of the
decoder (e.g., TCM decoder) may be combined with the
equalizer (e.g., DFE) shown in FIG. 14 may be the same, or
substantially the same, as the algorithm as discussed above
with regard to FIG. 12. A first group of constants o,
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., . .., 0., may have the same, or substantially the same, first
value, which may correspond to the Oth traceback depth (see
table 1), a second group of constants a5, A4, . . ., O, MAy
have the same, or substantially the same, second value, which
may correspond to the 1st traceback depth, a third group of
constants o<, ¢, . . . , O3 May have the same, or substan-
tially the same, third value, which may correspond to the 2nd
traceback depth, . .., and an N+1th group of 12 constants may
have the same, or substantially the same, N+1th value, which
may correspond to the N-th traceback depth. Decisions,
which may correspond to the Oth traceback depth, may be
input to a group of, for example, delay lines 1225 . . . 1226,
decisions, which may correspond to the 1st traceback depth,
may be 1nput to a second group of, for example, delay lines
1227 ...1228, . .., and decisions which may correspond to
the N-th traceback depth may be mput to a group of, for

example, delay lines 1229 . . . 1230.

The equalizer (e.g., the DFE) shown in FI1G. 14 may further

include a Stop-and-Go (SAG) unit 1426.

The SAG unit 1426 may receive decisions, may detect less
reliable decisions, and may generate enable/disable signal.
The SAG unit 1426 may disable adaptation 1f the decisions
are less reliable, and may update equalizer coetlicients 11 the

decisions are more likely to be correct.

An example of a result of using the adaptation algorithm,
according to the exemplary embodiments of the present
invention, 1s illustrated 1in FIG. 15.

FIG. 15 1s a graph showing an example of a comparison of
the output signal-to-noise ratio (SNR) versus the number of
iterations for an equalizer (e.g., a DFE), which may be com-
bined with a decoder (e.g., a trellis decoder).

As 1illustrated 1n FIG. 15, the operation of the equalizer
(e.g., DFE) may be smoother and improved when using the
algorithm according to exemplary embodiments of the
present invention.

Various modifications may be made to circuits using the
adaptation algorithm according to exemplary embodiments
of the present invention. For example, decoder (e.g., TCM
decoder) decisions, which may correspond to the depth N,
may be used to generate error signals ek and drive the adap-
tation process. Any number of iterleaved encoders may be
used 1n examples shown 1n FIG. 12 or 14. For example, the
number of encoders may be 8 or 16. Further, more efficient
methods may be used to implement the algorithm shown in
Equation 3 1n hardware, which may employ shifters and/or
adders 1nstead of, or along with, multipliers.

Although exemplary embodiments of the present invention
have been described with regard to voice, data, or video
communications, 1t will be understood that exemplary
embodiments of the present invention may be utilized in any
suitable communications technique or combination thereof.

Although exemplary embodiments of the present invention
have been described with regard to video ghosting and/or
echoes, 1t will be understood that exemplary embodiments of
the present invention may be utilized to reduce any form of

fading and/or interference, as desired by one of ordinary skill
in the art.

Although exemplary embodiments of the present invention
have been described with regard to wireless modems and/or
telephones, 1t will be understood that exemplary embodi-
ments of the present invention may be utilized 1n any wireless
or terrestrial communications system.

Although exemplary embodiments of the present invention
have been described with regard to a trellis or viterbi decoder,
it will be understood that any suitable decoder may be utilized
as desired by one of ordinary skill in the art.
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Although exemplary embodiments of the present invention
have been described with regard to an 8-VSB trellis coded
system for digital video broadcasting, 1t will be understood
that exemplary embodiments of the present invention may be
utilized 1n any suitable system for video, audio, and/or data
systems.

Although exemplary embodiments of the present invention
have been described with regard to an equalizer including
twelve cells, 1t will be understood that any suitable number of
cells may be utilized as desired by one of ordinary skill in the
art.

As described above, according to exemplary embodiments
of the present imnvention, the method of updating feedback
filter coetlicients using a DFE combined with a trellis decoder
TCM may reduce the nstability of the DFE, which may be
due to the propagation of TCM decision errors, may improve
the performance of the DFE combined with the trellis decoder

TCM, and may enhance the performance of, for example,
HDTYV 8-VSB recetvers.

While the present invention has shown and described with
reference to exemplary embodiments thereot, 1t will be under-
stood by those of ordinary skill in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the present invention as defined
by the following claims.

What 1s claimed 1s:

1. An equalizer comprising:

a decoder configured to output a plurality of decisions; and

a {irst filter including a plurality of cells and an adder, each
of the plurality of cells being configured to generate an
output, and the adder being configured to add the outputs
from the plurality of cells, each of the plurality of cells
including an updater for updating one of a plurality of
filter coelficients and a coetficient multiplier for multi-
plying a decision by a corresponding filter coellicient to
generate a result, each of the updaters including,

a first multiplier adapted to multiply one of the decisions
of the decoder by a first value;

a second multiplier adapted to multiply one of the filter
coellicients by a constant, the constant being propor-
tional to a reliability of the decision that corresponds
to a traceback depth of the decoder; and

a first adder adapted to add an output of the first multi-
plier and an output of the second multiplier and
update the filter coellicient.

2. The equalizer of claim 1, wherein the decoder 1s a trellis
coded modulation (TCM) decoder.

3. The equalizer of claim 1, further including,

a second adder adapted to subtract an output of the equal-
1zer from one of the decisions of the decoder and gener-
ate an error signal; and

a third multiplier adapted to multiply an error signal gen-
crated from the second adder by a parameter and gener-
ate the first value.

4. The equalizer of claim 3, wherein the parameter 1s a
stepsize parameter.

5. The equalizer of claim 1, wherein the plurality of cells
include,

a first group of cells, which receive the decisions output
from the

decoder and the output of the first multiplier; a second
group of cells, each of which recetves a value obtained;
and

by delaying one of the decisions of the decoder.
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6. The equalizer of claim 5, wherein each of the plurality of
updaters update the filter coellicients 1n accordance with the
equation,

b "+ D=q b ® e d, . i=1,2,..., Ly, wherein

a., correspond to an i-th traceback depth, b, are i-th coef-
ficients ol the equalizer at a k-th iteration, L5 1s a number
of filter coefficients, d, represents the decisions, u is a
parameter, and e, are error signals.
7. The equalizer of claam 5, further comprising a logic
selector for calculating a set of constants, which satisiy the
equation,

a,~(1+uEfu?])~1, wherein

E[u,*] is a variance of a plurality of decision errors.

8. The equalizer of claim 7, wherein the decision errors
correspond to the 1-th depth.

9. The equalizer of claim 7, wherein the logic selector 1s
included 1n the first filter.

10. The equalizer of claim 7, wherein the logic selector
further includes,

a plurality of squarers adapted to square values of the filter

coefficients,

a plurality of first multipliers adapted to multiply the

squared filter coelficients by constants,

a first adder adapted to add a plurality of outputs from the

first multiplier,

an accumulator adapted to accumulate a plurality of out-

puts from the first adder, and

a comparison selector adapted to compare a plurality of

values from the accumulator with a plurality of threshold
values and select constants based on the comparison.

11. The equalizer of claim 8, wherein the logic selector
further includes,

a plurality of squarers adapted to square values of the filter

coefficients,

a plurality of first multipliers adapted to multiply the

squared coelficients by constants,

a first adder adapted to add a plurality of outputs from the

first multiplier,

an accumulator adapted to accumulate a plurality of out-

puts from the first adder, and

a comparison selector adapted to compare a plurality of

values from the accumulator with a plurality of threshold
values and select constants based on the comparison.

12. The equalizer of claim 10, wherein the coetlicients
satisly an mnequality.

13. The equalizer of claim 3, further including a second
filter adapted output a signal to a fourth adder.

14. The equalizer of claim 35, wherein the decoder 1s a
Viterbi decoder.

15. The equalizer of claim 3, wherein the decoder has N+1
traceback depths and the first filter receives N+1 groups of
reliability coellicients,

wherein each of the N+1 groups of reliability coellicients

has an N+1 value that corresponds to an Nth traceback
depth,

and each decision that corresponds to the Nth traceback

depth 1s input to an N+1th group of delay lines.

16. The equalizer of claim 15, wherein each of the plurality
of updaters update the filter coeflicients in accordance with
the equation,

b D= b ®rpye.d, . i=1,2,..., Ly, wherein

., are constants proportional to areliability of the decisions
that correspond to an i-th traceback depth, b,* are i-th
coellicients of the equalizer at a k-th 1teration, L 1s a
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number of filter coefficients, d, represents the decisions,
L 1s a parameter, and e, are error signals.
17. The equalizer of claim 15, further including a logic
selector for calculating constants that satisiy the equation,

ﬂf:(l_l_ﬂE[Hfz])_l (izlz 2: L LN):

wherein E[u.”] is a variance of decision errors that corre-

spond to the 1-th depth.

18. The equalizer of claim 17, wherein the logic selector 1s
included 1n the first filter.

19. The equalizer of claim 17, wherein the logic selector
further includes,

a plurality of squarers for squaring values of the filter

coefficients,

a plurality of first multipliers for multiplying the squared

coellicients by constants,

a first adder for adding a plurality of outputs from the first

multipliers,

an accumulator for accumulating a plurality of outputs

from the first adder, and

a comparison selector for comparing a plurality of values

from the accumulator with a plurality of threshold values
and selecting constants based on the comparison.

20. The equalizer of claim 18, wherein the logic selector
further includes,

a plurality of squarers for squaring values of the filter

coelficients,

a plurality of first multipliers for multiplying the squared

coellicients by constants,

a first adder for adding a plurality of outputs from the first

multipliers,

an accumulator for accumulating a plurality of outputs

from the first adder, and

a comparison selector for comparing a plurality of values

from the accumulator with a plurality of threshold values
and selecting constants based on the comparison.

21. The equalizer of claim 20, wherein the coellicients
satisty an mnequality.

22. The equalizer of claim 15, further comprising a second
filter adapted output a signal to a fourth adder.

23. The equalizer of claim 15, wherein the decoder 1s a
Viterb1 decoder.

24. The equalizer of claim 15, further including a stop-and-
o0 (SAQG) umt, which receives the decisions, detects unreli-
able decisions, and generates enable/disable signals such that
the SAG umit disables adaptation if the decisions are not
reliable, and updates filter coefficients 1f the decisions are
reliable.

25. The equalizer of claim 24, wherein each of the plurality
ol updaters update the filter coelficients 1n accordance with
the equation,

[

b D= b ® e d, . i=1,2,...,Lp, wherein

o, are constants proportional to a reliability of the decisions
that correspond to an i-th traceback depth, b, are i-th
coetlicients of the equalizer at a k-th iteration, L5 1s a
number of filter coefficients, d, represents the decisions,
W 1s a parameter, and e, are error signals.

26. The equalizer of claim 24, further including a logic

selector for calculating a set of constants that satisty the
equation,

a~=(1+uEfu?)""(i=1,2,..., L), wherein

E[u,*] is a variance of decision errors that correspond to the
1-th depth.
277. The equalizer of claim 26, wherein the logic selector 1s
included 1n the first filter.
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28. The equalizer of claim 26, wherein the logic selector
further includes,
a plurality of squarers for squaring values of the filter
coelficients,
a plurality of first multipliers for multiplying the squared
coellicients by constants,
a first adder for adding a plurality of outputs from the first

multipliers,

an accumulator for accumulating a plurality of outputs
from the first adder, and

a comparison selector for comparing a plurality of values
from the accumulator with a plurality of threshold values
and selecting constants based on the comparison.

29. The equalizer of claim 27, wherein the logic selector

further includes,
a plurality of squarers for squaring values of the filter

coefficients,
a plurality of first multipliers for multiplying the squared
coellicients by constants,
a first adder for adding a plurality of outputs from the first
multipliers,
an accumulator for accumulating a plurality of outputs
from the first adder, and
a comparison selector for comparing a plurality of values
from the accumulator with a plurality of threshold values
and selecting constants based on the comparison.
30. The equalizer of claim 29, wherein the coellicients
satisly an mnequality.
31. The equalizer of claim 24, further comprising a second
filter adapted output a signal to a fourth adder.
32. The equalizer of claam 24, wherein the decoder 1s a
Viterb1 decoder.
33. A method of updating filter coef
comprising;
calculating a plurality of output error signals;
multiplying the output error signals by a parameter to gen-
erate a first result;
obtaining a first partial value by multiplying a delayed
decoder decision by the first result;
obtaining a second partial value by multiplying a constant
by a coetlicient, the constant being calculated based on a
variance of errors of decisions corresponding to an 1-th
traceback depth of the decoder; and
obtaining an updated value by adding the first partial value
and the second partial value.
34. The method of claim 33, wherein the method 1s
repeated for a plurality of filter coetlicients.
35. The method of claim 33, wherein the constant 1s cal-
culated by,
determiming the variance of errors of decisions correspond-
ing to the 1-th traceback depth of the decoder,
multiplying the variance of the errors of the decisions by a
parameter and generating a second result, and
obtaining the constant by adding the second result and 1
and taking the reciprocal of the result.
36. The method of claim 33, wherein the constant 1s
selected by,
squaring each of the filter coefficients, multiplying the
squared values by constants and generating a plurality of
third results,
adding and accumulating the plurality of third results and
comparing the accumulated values with threshold val-
ues, and

selecting the constant based on the comparison.
37. The method of claim 36, the coeflicients satisty an
inequality wherein 1 1s an 1-th filter coetfficient.

icients, the method
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38. A filter for updating filter coetficients, the filter com-

prising;:

a plurality of updaters including a first multiplier, a second
multiplier, and an adder; wherein the first multiplier 1s

adapted to multiply a decision output from a decoder and
a first value, the second multiplier 1s adapted to multiply
a filter coelficient by a constant, the constant being cal-
culated based on a variance of errors of decisions corre-
sponding to an 1-th traceback depth of the decoder; and

a first adder adapted to add an output of the first multiplier
and an output of the second multiplier and update a filter
coellicient.

39. An updater for updating a filter coe

comprising:

a first multiplier adapted to multiply a decision and a first
value;

a second multiplier adapted to multiply a filter coetlicient
by a constant, the constant being calculated based on a
variance of errors of decisions corresponding to an 1-th
traceback depth of a decoder; and

a {irst adder adapted to add an output of the first multiplier
and an output of the second multiplier and update a filter
coellicient.

40. A method of updating a filter coellicient, the method

comprising;

multiplying a decision and a first value and generating a
first result;

Ticient, the updater
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multiplying a filter coeflicient by a constant and generating
a second result, the constant being calculated based on a
variance of errors of decisions corresponding to an 1-th
traceback depth of a decoder; and
adding the first result and the second result and updating a
filter coetlicient.

41. A method of selecting a constant, the constant being,
proportional to a reliability of the decision that corresponds to
traceback depth of a decoder and provided to an updater
which 1s multiplying a filter coeflicient by the constant, the
method comprising:

squaring a plurality of filter coetficient values;

multiplying a plurality of squared filter coetlicients with a

plurality of constants,

adding together the plurality of the multiplied values;

accumulating the added values; and

comparing the accumulated value with at least one thresh-
old value and selecting the constant based on the com-
parison.

42. A logic selector implementing the method of claim 41.
43. A filter including the logic selector of claim 42.

44. An equalizer including the filter of claim 43.

45. An updater implementing the method of claim 40.

46. An equalizer including the updater of claim 45.
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